The cHCG method was also applied on a high-resolution two-site coarse-grained (CG) model of methanol. The all-atom (AA) reference system, used fro the model development, consisted of 1000 methanol molecules with the OPLS force field 1 in a periodic box with initial dimensions of 44 Å x 44 Å x 44 Å. The system was equilibrated for 4 ns under constant NPT conditions. The final box dimensions converged to 41.127 Å x 41.127 Å x 41.127 Å. Once the energy and density converged, the system was simulated for 4 ns with NVT boundary conditions.
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The molecular structure and partial charges for the methanol are shown in Fig. S1 . The CH3 group (CG1) has a net partial charge of 0.265 atomic units and the OH group (CG2) has a net partial charge of -0.265 atomic units is represented as CG2. The masses for CG1 and CG2 are 15.035 amu and 17.007 amu respectively. The two-site CG model for methanol is a good example to test the cHCG method since methanol is an asymmetric molecule with net partial charges on each CG site. The methanol CG model has one bond connecting the two CG sites.
The CG force field for bonded interactions is obtained using the Inverse Boltzmann method. [2] [3] The bond distribution of the two sites of methanol is harmonic in nature and fitted to a harmonic spring, with a force-constant of 577.20 kcal.mol -1 Å -2 and a mean bond length of 1.491 Å. The values are similar to a previous two-site, effective-force CG methanol model. 4 There are three pairs of vdW interactions and three pairs of screened electrostatic interactions and three pairs of vdW interactions. . The vdW interactions for the two-site methanol are calculated using the procedure described in the main text (Fig. S2 ). The cHCG-derived effective electrostatic interactions between CG sites in methanol are shown in Fig. S3 . We find that the pairwise effective electrostatic interactions exhibit screening effects and a simple Yukawa screening function is used to fit the derived CG electrostatic force field (Fig. S3 ). As shown in the figure, the different CG pairwise interactions (CH3/CH3, CH3/OH and OH/OH) experience different dielectric environments as suggested by different screening lengths and scaling constants. The cHCG method accurately captures these dielectric environments.
The radial distribution functions (RDF) plots for the AA and cHCG simulations are compared in Fig. S4 . As shown in the figure, there is an excellent agreement between the AA and cHCG RDF plots. Apparently, the cHCG model is able to capture the heterogeneities in the interactions by accurately simulating the excluded volume and the charge. The authors would S3 like to note that the screening of the effective electrostatic interactions shows a distancedependent behavior. This effect is especially observed in CH3-OH interactions where, at short ranges, the cHCG-derived electrostatic interaction shows a slight deviation from the Yukawa linear screening and decays at a slower rate at shorter distances. We found that the distancedependent dielectric screening function proposed in some earlier works 5 fits the effective electrostatic interactions particularly well (see Fig. S5 ). Since the residual to linear screening such as Yukawa potential is small, the distance-dependent dielectric screening is not used for the methanol model. The difference is simply incorporated into the vdW interactions parameterization without any loss of accuracy. AA CG Figure S5 : The effective electrostatic interaction for CH3/OH pair, fitted to Columbic interaction (green), Yukawa exponential function (blue) and a distant-dependent non-linear dielectric screening function proposed in Ref. 6 The equation for the screened dielectric function is given as ε (R) in the figure below. 
The integrals in Eq. (7) and (8) can be evaluated numerically as two-dimensional integrations by adopting confocal ellipsoid coordinates. Calculations described below show that f S depends on R, the distance between the two charges, and their charges q 1 and q 2 , but only very weakly on their radii a 1 and a 2 . The Shen-Freed (SF) analytical representation of "ðRÞ from the LD model [10], Since only two PIP lipids were used in the reference AA system, we do not have sufficient sampling available to derive PIP-PIP non-bonded interactions, which is acceptable since PIP is rare in composition (<1%). 
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